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FOREWORD

This report describes wnrk carried out as part of the Army

Materiel Comman< Five Year Personnel Aznor Program, Under the :

Armor Program, a broau AMC interlabora.ory helmet and body armor

technical effort was mounted to support the design and develop- ;
’ nent of improved armor end items. One of the basic problems i

which was addressed was head anthropometrics. Nev techniques

for defining and wmeasuring head shapes were developed and applied

tc the fabrication of a set of first reneration plaster headforms

over vhich close-fitting helmets were designed. These techriques

have wide application in the desipn of military and civilian
protective headgear,
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ABSTRACT

A new technique for defining and measuring head shapes wasg
developed and applied in the fabrication of a set of first genera-
tion plaster headforms., The design of a unique head measuring device
is reported. The device i3 a clear polycarbonate hemisphere on which
are mounted twenty-gseven moveable mechanical probes. The hemisphere
is placed over a subject's head, and the probes are moved to contact
the head and thus define head shape. The probe data from a popula-
tion of Army men were reduced statistically to yield generalized
head shaves. The feasibility of combinirg this probe technique
with classical anthropometric head measurements to yield generalized
head shapes of various sizes was demonstrated. A set of first
generation headformes was sculptured using specified probe data. Improve-
ments and extensions of the present study are indicated.
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1. INTRODUCTION

The work described in this report represents one of many
interdisciplinary cechrical efforts carried out as part of the
AMC 7ive Year Personnel Armor Program, Two of the goals of the : 3
infantry helmet portion of the Armor Program are to develop a : &
“nlmet that is more stable ai:d has a higher troop acceptability -
than the current standard M~1 “elmet, The M-l helmet is issued E
in only one large size, and is often referred to, not surprisingly,
as a "po:." The introduction of a multiple sized helmet is ex-

pected to contribute significa.cly toward attaining the afore-
mentioned goals.

Fitting a rigid hL¢lmet made from ballistic protective materials
is immediately complicated by the fact that human heads are extremely E
variable in size and shape. The most recent description of relevant E
head dimensions of the Army population is reported by White and
Churchili (1971). An indication of the severity of the design
probles is that the ranges of measurements reported by White and
Churchill are, for e:rample, 128 mm for head circumference, 58 mm
E for head length, 46 mm for head breadth, and 60 mm for head height.
" 3 : These vdariations in head dimensions obviously lead to large degrees
of misfit for many individuals wearing the one size M-l helmet,

.
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The goal of this work was to develcp a set of suitably shaped
E headforms based on US Army pooulation measurements for use by helmet
3 designers, In this report, several related efforts to quantify head 4
sizes and shapes are described. A beginning was made by others on 3
a mathenatical model of the head and {i: was adapted for use here, An 2
algorithm for sorting head dimensions was developed at the Ballistics
Research Laboratories and is gsummarized in Section 2, Several different =
approaches to defining head shapes are described ir Section 3. The E:
- design and operation of the technique ultimately used, a unique head %ﬂ
< measuring device, in developing the headforms is also reported in that
3 seccion., An account of the deve!apment of the headforms themselves
3 is contained in Sectizn 4, including the probe definition of surfaces
3 and the sculpturing tcchnique. Conclusions are nresented in Section 5.
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2. AN ALGORITHM FOR SORTING HEAD DIMENSTOUS

In order to develop a sizing system for any piece of clothing
or personal equipment, the total variation in relevant body dimen-
sions must be censidered. Then, using a predetermined criterion,
the dimensional ranges are divided into categories or 'sizes.”
Classically, percentile values are used to arrive at such sub-
divisions., See, for exsmple, Ziegen, et, al. (1960). A major
weakness in the percentile approach is that there are no convincing
reasons why ons paviicular percentile should be chosen over another
in subdividing the¢ population under consideration,

Rather than arbitrarily select head percentile values, a start
on a mathematical model of the head was made at the Ballistics
Rese~rch Laboratories, Aberdeen, MD, The first step in the develup-
fuent ¢ nhat mod2l was to formulate an algorithm for sorting subjects
into categurlss according to prescribed ruies., That study was
accomplished by Goulet and Sacco (1972).

thropometric deta from a given head was treated as a measure~
ment vestor with components such as head length and head circumference
nd with a practical limit of seven dimensions (according to unpublished
work). To develop the sorting rule, a concept of "mismatch" was
introduced and defined in this context to be the sum cof the arithmetic

differences between the components of a measurement vector and its
nize vectoyx.

The total mismatch is similarly defined for the total population
under consideration. The total mismatch ig the quantity to be minimizec
by the selection of a good sizing system, Dynamic and non-linear pro-
gramming techniques were used to determine optimum size vectors. The
reader is referred to Gouliet and Sacco (1972) for additional details
concerning the techniques used in developing the size vectors.

The algorithm was applied tc the head measurement agata of the
population of 500 Army aviators reporzed by Whitez {1961). Raw measurement
vectors consisting of four components, circumference, length, breadth,

and height, were used to generate size systems consisting of oue through
nine sizes,
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The sizing solutions from Goulet and Sacco (1972) for systems
conaisting of one through nine sizes using dynamic and nonlinear
programming techniques are listed in Tables I, II, and III, The
solutions in Tables I and II are in scandard deviation units. The
information in Table IV from White (i961) 1is needed to convert from
standard deviation units to either millimeters or inches. Small

differvences between Table IV and White and Churchill (1971) are
neglected here for heimet sizing purposes,

The curves in Figure 1 quantify, according to the viewpoint of
this algorithm, the idea that a population is better fitted, i.e.,
has less overall mismatch, with a larger number of gizes than with
a few sizey, Larpe differences in mismatch are evident in going

from two toe five sizes, while the rate of return is nearly constant
beyond five sizes,

As noted above, the sizing solutions of Goulet and Sacco in
Table 1II are based on a population of 500 subjects because those data
were readily available. A comparison was run using the US Ammy 1966
Survey population ofi §£630 subjects, and it was concluded that N=500
was large enough to achieve numerical stability in the sizing solutions
(personal communication from Dr. Harvey, BRL). The ramifications of
this study are elaborared on in later sections of this report.

TABLE IV
MEANS AND STANDARD DEVIATIONS OF FOUR HEAD DIMENSIOWS

(White, 1961)

Mean (mm) Std. Dev., (mm)
Head Circumferance 571.2 13.8
liead Length 197.4 6.8
liead Breadth 155.4 5.4
llead Height 126.6 6.4
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TABLE III. Sizing Solutions in Millimeters
(From Goulet and Sacco, 1972)

Number | DYNAMIC PROGRAM _NONLINEAR PROGRAM
of Sizes . . Circum- Circum- :
Height  Width Length  feremnce Height Width Length ference =
1 145.8 171.6 217.2 612.8 145.8 170,0* 217.9 610,0* z
2 145.8 171.6 217.9 vl2.8 145.8 170,0* 217.¢ 611,4* §
133.0 160.8 204.2 585.1 133.0 160.8 204,9* 582,3* %
3 145.8 171.6 217.9 612.8 145.8 170.0* 217.9 611.4* .
136.8 164.1 208.3 593.4 136.8 164.1 209,0* 593.4 E
129.8 158.1 200.8 578.2 129.8 158,1 200.8 579,.5* %
4 145.8 171.6 217.9 €12.8 145.8 170.0*  2:17.9 611.4* g
138.1 165.1 209,7 596.2 138,7* 165.1 209,0* 598,9+* E
133.0 160.8 204.2 585.1 133.0 160.8 204,9* 582, 3+ 3
129,2 157.5 200.1 576.8 128.2 158.1*  200.1 576.8 1
5 145.8 171.6 217.9 612.8 145.8 170,0* 217.9 611.4* 3
138.1 165.1 209.7 596.2 138.7+  165.1 209,0*  598,9* 3
133.0 160.8 204,2 585.1 133.0 160.8 204.9*  585.1 3
129.8 158.1 200, 8 578.2 129.8 158.1 200.8 579.5* %
126.0 154.8 196.7 569.8 126,0 154.8 196.7 568.5* 3
6 145.8 171.6 217.9 612.8 145.8 170,0+ 17,9 Al1,4*
140.0 166.8 211.7 600,3 140.0 166.8 211,0 52 Q=
136.8 164,1 208.3 593.4 136.8 164.1 208.3 593:4
133.0 160.8 204.2 585.1 133.0 160.8 204.9* 582, 3+
129.8 158.1 200.8 578.2 129.8 158.1 200.8 576‘8*
126.0 154.8 196.7 569.8 12€.0 154.8 196,7 568:5
7 145.8 171.6 217.9 612.8 145.8 170,0* 217.9 611.4*
141.3 167.8 213.1 603.1 141.3 167.8 213.1 604.5*
138.1 165.1 209.7 596.2 138,7+ 165.1 209.0 598,9*
135.6 163,0 206.9 590.6 136.8* 163.0 206.9 §90.6
133.0 160.8 204.2 585.1 133.0 160.8 204,9* 532.3*
129.8 158.1 200.8 578.2 129.8 158.1 200.8 575.4*
126.0 154.8 196.7 569,8 126.0 154.8 1956.7 568,5*
8 145.8 171.6 217.9 612.8 145.8 170.0* 217.9 611.4* %
141.3 167.8 213.1 603.1 141.3 167.8 213.1 604 5" 3
138,1 165.1 209.7 596.2 138,7* 165.1 209,0* 598,9* 3
135.6 163.0 206.9 590.6 136.8* 163.0 206.9 590.6 2
133.0 160.8 204.2 585.1 133.0 160.8 204 ,9* 582,3* g
131.1 159,2 202,.2 580.9 131.7+ 159.2 200,8 580.9 E-
129.2 157.2 200.1 576.86 129.2 158.1* 200, 8* 572.6* E
126.0 154.8 196.7 569.8 126.0 154.8 196.7 568.5* §
9 145.8 171.6 217.9 612.8 145.8 179.0* 217,y 611.4* g
141.3 167.8 213.1 603.1 141.3 167.8 213.1 604,5* E
138.1 165.1 209.7 596.2 138.7* 165.1 209,G* 598.9* 2
135.6 163.0 206.9 590.6 136.8 163.0 206.9 590.6 Y
133.0 160.8 204.2 58s.1 133.0 160.8 204.9 582.3 El
131.1 159.2 202.2 580.9 131,7* 159,.2 200.8* 580.9 %
129.2 157.5 200.1 §76.8 129.2 158.1* 200.1 572.6* E
126.0 154.8 196.7 569,8 125.0 154.8 196.7 569,38 E
122.8 152.1 193.3 562.9 122.8 152.1 193.3 557.4* z
"Points of difference betwsen Dynamic Program and Nonlinear Program. 3
;%;
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3. HEAD SURFACE TECHNIQUES

Existing anthropometric head data suffer from a major deficiency
fron 3 helmet design point of view - the spatial relationship between
standard landmarks is unknown., C(lassically, only distances from
point tc point are measured, either in a straight line or along an
arc, Data are reduced statistically for each measurement separately,
and the spatial inter-relationship between landmarks is lost. For
example, head length and head height are often measured in a survey
and the data are statistically reduced. In this process, the spatial
relationships between the glabella, occiput, tragus and vertex are
lost, In order to design a close-fitting helmet, the relative positions
of those landmark locations are important. In this section, four
approaches, Prince Charming, cast molding, digitizing, and a head
measuring device, to defining head surfaces are described.

a. Prince Charming Concept

The size categories which were generafed by the BRL algorithm are
four dimensional - a three dimensional box plus an-inscribed curvilinear
eircunference. To obtain head surface information, individuals were
sought whose heads had very nearly the same physical four dimensions as
the computer generated size categories. Such an individual, who was
referred to as a "Prince Charmirng", would provide one head surface to
£fill in betweer anthropometric landmarks.

The search for Frince Charmings began by taking the fcur basic head
dimensions, circumference, length, breadth and height, on 59) US Army
men at Ft. Devens, Massachusetts during January 1972, Selected
ctatistics of those measurements are reported in Table V¥, Of the 591
subjects measured, the individuals which resulted in the least mismatch
(totalled over the four dimensions) from the size categories were
identified as the "Prince Charmings".

TABLE V

STATISTICS ON 591 U.S. ARMY MEN - FT. DEVENS, MA

Mean (mm) Std, Dev, (mm)
Head Circumference 567 16.5
Head Lecngth 196 7.6
Head Breadth 153 5.6
Head Height 127 7.0
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BRL identified fourteern original Prince Charmings, Unfortunately,
shortly after the measuremerts were taken, £ive of the Prince Charmings
vere either out »f the Army or overseas, and one was unavailable for
further measurement. BRL further recommended five alternates to be
used for later work. The head dimensions of the thirteen gubjects

svho were used for the additional measuring described below are listed
in Table VI,

IR WA

T A AR T i

AT i a7

TABLE VI

HEAD DIMENSIONS OF PRINCE CHARMINGS

Subject No. c L B H c L B H
(millimeters) (std, dev. units)
1 553 192 151 133 =3 - -3 0.1
1 2 555 193 151 130 -4 =2 -.3 -3
% 3 560 194 151 130 -1 =.1 -3 -3
; . 4 560 195 152 135 -1 0,0 -.1 0.3 3
3 5 562 194 154 136 0.1 -1 0.2 0.5
6 566 193 152 134 0.3 =,2 -.2 0.2 g
7 571 200 154 138 0.6 0.7 0.2 0.7 %
8 572 199 161 139 0.7 0.6 1.4 0.8 %
9 575 198 155 138 0.9 0.5 0.4 0.7 §
10 586 203 156 138 1,5 1.1 0.6 0.7 %
11 590 206 156 134 1.8 1.3 0.4 0.7 %
12 593 209 160 137 2,0 2.0 1,2 0.6 %
i3 605 210 166 135 2.7 2.1 2,2 0.3 %
9
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b. Cast Molding

The shapes of the Prince Charming heads were obtained in a direct
fashion by plaster casting., Plaster of parie saturated gauze strips
of a type commonly used to set broken limbs were usged to mold the upper
part of a subject's head, The head was proiected by a thin rubber cap
stretched with weights to fit srugly and mat the hair., A female mold
was thus obtained and was utilized in making a male, Hydrostone casting.
The head surfaces resulting from this technique include a small contri-
bution from matted hair., Utilization of shaved heads was not feasible.

c. Digitizinz

The problem of hair contributing to the cast molded head surface
was circumvented by an alternate technique using a three-axis coordinzte
measuring machine. This machine measures the three cartesian cocrdinates
of a selected spatizl point which is defined by a sharp metal styius, The
coordinates are recorded on a punched paper tape. Approximately 400
points were taken on each head after the cast molding of the head described

atove. The stylus penetrated the subject's hair and the cocerdinate data
represent the actual head surface.

The head data were processed into a control tape containing instructinns
to operate a rumerically contvoiled milling machine., The coatrol tapes
were prepared by A, S. Thomas Inc., Westwood, MA and the headforms
were cut on equipment at the AVCC plant in Stratferd, Connecticut., The
wooden headforms were cut as sectionalized molds suitable for use in
vacuum forming operations. An example headform mold 1s shown in Figure 2.
The details of this effort are reported by Claus, McManus and Durand (1974).

d. Head Measuring Device

The "Prince Charming" method and the varjous meihods used to describe
each Priace Charming's head still lef: the helmet developers short of a
generalized shape for the sizing category that each Prince Charming
represented. Therefore a device was conceived 2nd constructed which
would provide data for the geaneralization of the shape of the heads for

each size category. This device, called the 3 Dimensional Surface
Descriptor, is described below.

The device, shown in Figure 3, essentially consists of a moveable,
transparent hemispherical shell on which measuring probes are mounted.
The subject's (S's) head 1s jmmobilized by a bite bar, and the shape
information is obtained by gently moving the probes untii firm contact
is made with the S's head. The midsaggital plane, right tragus, and
right external canthus are used to reference the S's head with respect to
the equitorial plane and polar plane of the heuisphere as shown in
Figure 4, The X, Y, Z axes are actually orthogonal Cartesian axes., The
X-axis is aligned with the right tragus; the additional line in the X-Y
plane is intended to represent the fact that the right tragus and external
canthus both lie in the equatorial plane. This technique spatially relates

each measured point to every other measured point, thus yielding the three
dimensional shape information,
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Figurs 2,

Example N/C Machined Headform Mold with Vacuum
Ports: (a) Front View, (b) Exploded View
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Coordinate System for Referencing Head Measuring Device

Figure 4.
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The locations of the probes are given in Table VII 4u terms of
spherical coordinates related to the Cartesian axes. The aximuth
lies in the X-Y plane and 1s measured from the X~-axis, and the

elevation ¢ is measured from the X~Y plane,

TABLE VII
SPHERICAL COORDINATES OF PROBE LOCATIONS
Probe Number g (radians) é (radians)
1 0 ") 0 (0*)
2 (moveable) /18 - ik (10° ~45°%) 0 0*)
3 (moveable) 17/2 (90°) 0 -17T/9 (0* - 20°)
4 (mcvealle) 317/4 - 1777/18  (135° - 170*) O (0*)
5 (180°%) 0 ©*)
6 3rr/2 (270%) mlé (30°)
7 77/2 (90°*) 77/6 (30°%)
8 /2 (90°*) 7/3 (60°)
9 w2 (90°*) 51/12 (75%)
10 7T/2 (90°) 77/2 (90°%)
11 377/2 (270°) 71712 (105°)
12 377/2 (270%) 21/3 (120°)
13 317/8 (67.5%) /12 (15%)
14 377/8 (67.5°) m/e (30*)
15 174 (45°) nla (45°%)
16 7T/8 (22.5°%) 77/6 (30°%)
17 0 0°*) /3 (60°)
e i8 1577/8 (337.5°%) /6 (30*)
19 1377/8 (292.5°%) /6 {30%)
20 S5m/8 (112,5°%) 17/12 (15°)
21 S1T/8 (112.5°%) mle (30%)
3 22 31T/4 (135°%) 1A (45%)
= 23 777 /8 (157.5*) 7/6 (30°)
3 24 ” (180°%) 73 (60°)
25 91T/8 (202.5°%) /6 (30°)
E. 26 1177/8 (247.5°) w6 (30°)
27 3/2 (270%) 17/18 (10%)

Using the fixture shown in Figure 3 to measure a group of subjects,
the raw data are the lengths of the probes extending beyond the
mount.ng bushings outer surfaces. At each probe, the bushing height
and shell thickness must be accovnted for in order to derive the
ray length from the origin of the coordinate system shown in Figure 4.
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4. DEVELOPMENT OF SIZED HEADFORMS

A useful representational form o anthropometric data for helmet
designers is in rigid, full scaie headforms as noted by Alexander
et, al, (1961). The physical bases which the headforms represent
must ba understocd by the designer in order to correctly utilize
the headforms in solving a particular helmet problem, such as the
design of a focotball helmet, a racing car driver's helmet, or in
this application, an infantryman's helmet. In the following
sections, the rationale used in developing the heaaform dimensions
is presented, and the procedures used by the sculptor in translating
the mumerical data into plaster headforms are described,

a. Probe Definition of Surfaces

The device shown in Tigure 3 was used to measur: approximately
one hundred subjects at Fort Devens, MA during February 1973, In
addition to the probe readings, four standard head measurements
(circumference, iength, breadth and height) were taken on each

subject. Selected statistics of those measurements are presented
in Table VIII,

In addition to the probe data, which sre unique to the particular
fixture design, universal ray data are also listed. These data are
referred to the spherical coordinate system shown in Figure 4 and
are independent of the fixture geometry. Ray readings, not probe
readings, are an inherent property of head geometry. For example,
if a cubical measuring device were utilized having the same reference
orientation as the hemispherical device, probe readings from the two
devices would differ but the resultant ray readings would be identical,

In computing the total population statistics, for all of the probes
except Prote 27 the number of subjects was 106, Probe 27 wvas added
after the first day of meacsuring in order to extend the measurement
coverage at the back of the head, For Probe 27, N=69,
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TABLE VIII

>

TOTAL POPULATION STATISTICS (N«106)

Probe Values (mm) Ray Values (mm) 2

Probe MNo, Mean Std, Dev, Mean Std. Dev, E
1 58,2 7.1 71.4 7.1 %:
2 67.1 4.8 80.3 4.8 3
3 86,6 5.6 100.3 5.6 3
4 66.6 6.9 79.8 6.9
5 56.9 9.4 70.1 9.4 3
6 92,5 7.9 106.4 7.9 3
7 95.5 6.9 108.7 6.9 3
8 108.0 6.6 123.6 5.6 £
9 109.0 6.6 124.6 6.6
10 113.3 7.4 125.9 7.4 3
11 114.3 6.4 129.3 6.4 3
12 110.2 6.9 125.6 6.9 §
13 85.3 5.3 99,0 5.3 g
14 94.0 6.9 107.9 6.9 3
15 95.5 6.4 110.3 5.4 3
16 75.4 8.1 89.3 8.1 3
17 101.6 8.4 117.2 8.4 -
)8 78.5 10.4 92,4 10.4 g
‘19 91.4 9.7 105.3 9.7 E
20 34.3 6.6 98,0 6.6 2
21 92,0 7.6 105.9 7.6 E
22 92,2 7.4 107.0 7.4 %
23 73.2 8.4 87.1 8.4 g
24 99.6 7.1 115.2 7.1 %
25 7€.5 7.9 90.4 7.9 ¢
26 90.9 6.9 104.8 6.9 3
27 71.0 8.4 90.5 8.4 3
3

Mean (amm) Std, Dev. (mu) j

Head circumference 565 14,1 ?
lead length 194 6.7 %
lead breadth 152 5.5 %
Head height 124 7.2 §
3

g

16 :

%:




R O R L R e ey = O s T TS = AT 5
R T B T T S A T T T e T O T s s E e
: ? RS e R e B e e e

AR K Wt et R A by i

LA

The BRL algorithm discussed above provided a procedure for
sorting subjects intc categories according to a four dimensional
rule, The physical dimensions of the categories were presented
in Table III., For sizing helmets, the total ranges in head
dimensions for the two or three size systems are too small
to Le practically applied. In fact, a useful range is not . . .ed
by any other than the nine size system, Using the nine si- ,scem,
the 106 subjects were sorted into categories as shown in Table I¥,
The identifying index is the original subject number. Starting with
the nine size system, it was desired to construct a set of headforms
which provided generalized shapes to £1l11 in the four dimensional
boxes, The intervals betveen those aizes made the fabrication of
nine headforms impractical. Considering the first size, those
dirensions correspond closely to the 99th percentile of the total
Ammy population, and thus represent appropriately the largest size,
A visual analvsis of Table IX, considering the physical intervals
betueen sizes and the number of subjects per size, led to the
selection of categories six and nine as practical, four dimensional
boundaries., Based on 106 subjects, these sizes led to a distribution
of 297 large, 567 medium and 15% small,

=
3

After dividing the subjects into sizes, the within -a- size means
and standard deviations ¢0{ the probe readings were cowmputed for the
selected three sizes., The objective irn generating surfaces was to
shape the abstract four dimensional category. After various empirical
manipulaticns of the statistics, it was found that for the small cize,
the within-a-size mean values of the probe readings yielded a surface
which was compatable with its four hasic dimensions; for the medium
size, the within-a~-size mean values were also used; and for the large
size, the mean plus one standard deviation was used. This procedure
yielded the three sets of probe readings reported in Table X which
were used by the sculptoar in constructing plaster headforms. The
corresponding ray readings are reported in Table XI. The angles of
the three moveable probes {Nos. 2, 3, 4} must also be specified; the
mean values of 35°, 15° and 0° were used,

The procedure nutlined above retained the spatial interrelations of
peints via the probe positions, and thus overcame one of the main

E design problems in applying classical anthropometric data, With a set
s of appropriate probe readings, the sculptor could begin his work.
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TABLE IX

NINE SIZE ALGOR:TIM

o = DL DY A FETORATR
S T TNNINE- — x2St eSS S
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SOKTING G} SUBJECTS INTO CATEGORYES ACCORDING TO THE

Head Dimensions (mm)

Breadth

Height

Circumference Length

611 18 170
13

£05 23 168
30, 43

599 09 165
11, 31, 77, 101, 106

146

139

137

4, 21, 28, 32, 35, 45, 47, 48, 76, 78, 80, 81, %, 108

582 05 161

17, 22, 46, 58, 61, 70, 73, 75, 93

581 00 159

7, 14, 18, 19, 23, 25, 41, 49, 51, 60,

97, 103, 105

573 00 158

133

132

62, 68, 72, 84, 88, 92,

129

2, 5, 8, 10, i5, 16, 20, 52, 53, 55, 56, 69, 71, 86, 87, 90,

95, 100, 107, 110, 111

510 97 155

126

1, 9, 12, zé, 27, 29, SU, 57, 63, 64, 65, 67, 74, 82, 83,

85, 98, 102, 109

18

123

3, 6, 26, 34, 37, 44, 54, 59, 66, 79, §9, 91, 96, 99, 104, 112
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Probe MNo, Small

1 56.6
2 65.0
3 85.3
4 65.5
5 56,4
6 89.2
! 94,7
8 106.2
9 107.7
10 111.5
11 112.0
12 107.4
13- 83.3
14 91.7
15 93,7
16 73.9
17 99.3
18 76.2
- 19 88.1
20 83.1
21 90.7
22 90.4
23 72.4
24 98.6
25 76.5
26 87.9
72.9

19

TABLE X

PROBE READINGS USED BY THE SCULPTOR (um)

Hedium

58.8
68,3
87.1
66.6
55.1
92.2
95.8
108,2
108.7
112.3
113.5
109.7
R6.4
3.7
96.3
74.9
101.6
79.0
92,2
84.1
92,0
91.7
72.9
98.8
74.9
90.7
77.2
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TABLE XI

RAY READINAS OF SCULPTURED HEADFORMS {mm)

Probe No, Small Med{um Large
1 69.8 72,0 69.8
2 78,2 81.5 ©5.1
3 99.0 100.8 105.9
4 78,7 7¢.8 86,6
5 69.6 68.3 69.6
6 103.1 106.1 114,2
7 108,6 109,7 116,5
8 121.8 123.8 130,2
9 123.,3 124,3 131.4
10 127.1 127.9 136.3
11 127.6 129,1 126.3
12 123.0 125.3 132,7
13 97.0 100,1 104 .4
14 105.6 107.6 114.7 :
15 108.5 111.1 116,7 5
16 87.8 88.8 97.5 |
17 114,.9 117.2 125,6 !
18 90.1 92,9 102,8 :
19 102.0 106.1 115,0 §
20 96,8 97.8 104,6 ;
21 104,6 105.9 113,5 3
22 105.2 106.5 114.4 :
23 86.3 86.8 95.4
24 114.2 114.4 122,
25 90.4 68,8 98,2 E
26 101.8 104.6 111.7 §
27 86.4 90,7 98.8 §

20
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b, Sculpturing Technique

The dimensions derived above were used in constructing plaster
lieadforms by Mr. Albert C., Petitto of Hudson, Massachusetts. A
set of probe readings was give to Mr, Petitte and, working with
a head fixture, he reset the readings and constructed a clay model
of the point data. Point data cover the head down to a line cunning
approximstely from the glabzlla to the external canthus to the
tragus and back to below the occiput. The face and neck were
art’Zstically filled in., Since these headforms were designed
specifically for an immediate hclmet application, 95 percentile
ears (see Alexander and Laubach, 196€) were sculptured on the

forms. in order to later yield sufficient ear clearance in the
helmet.

g L e 000 LR N i

e

s

After the clay model was reworked tc achieve dimensional accuracy
in terms of the probe readings, a female sectioned moid was fabricated
in order to make the requirad plascer headforms, After casting, the
plaster headforms were lightly sanded to the finish dimensions.

The resulting sized headforms are showm in Figure 5. These head-
forms are the end product of this aspect of the helmet program, The

headforms were used by designers to fabricate sized, infantry helmet
mock-ups for human factors evaluations.

c. Discussion

3 The headforns shown in Pigure 5 were developed using the head

E measuring fixture., ¥or a couparison with claszsical procedures,

4 standard head and face dimensions of the headiforms are reported

3 in Table XII. It should be reiterated that the face was artistically

sculptured, and no face measurements of subjects were taken in this
study.

3 A comparison of the dimensions in Table XI1 witt White and Churchill
4 (1971) shows that for many dimensions the headf rms correspond

'3 approximately to the 30th, 75th and 99th percentile values of the
b Arny population.

2 bt A AL o o il LD e, A B T, LA e

. These are first generation headforms us! g a new procedure,
s and additional measurements are planned for two reasons. Tha sample

population was small for any finai molds, and some face measurements
are desired for other end-item applicatioms.
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TABLL XT7
ANTHROPOIETRTC DIMENSIONS OF HEADFORMS* (mn)

Aeasurement

147
143
149
150
151
152
153
154
155
156
157
153

159
160
161

162
163
164
165
166

Ares or Curvatures

licad Circuriferer:e
Sapittal Arc

‘tinimun Frontal Arc
EBitragion-Ccronai Arc
Litragion-Crinion Arc
Ditrag.-¥in. Front, Arc
Bitragion-Subnasale Arc
Litracion-"lenton Arc
sitrag.-Submandil, Arc
3itragion~-Inion Arc
Litrasion-Posterior Arc

vepths

FFead Lencth
Glatella-lall
Sellion-¥all
Pronasale-Wzll
Sul:nasale-tiall

Lip (Stonion)-Vall
Chin (lfenton)-iiall
Larynx-{lall
Ectocanthus-tall
Tragion-tiall
Out.Caath.-0Otobas. Sup.
Sellion-Tragion
Tragion-Ant.Chin Proj.
liead Diag., Inion-Pron.
ilead Diag., !lenton~Occ.

Breadth

i:ead Breadth
Bitragion Breadth
Biauricular Breadth
Max. Frontal Breadth
Min. Frontal Breadch

23

Hediun Large

Small

555 572
355 365
110 115
330 335
Jdo measurement -
298 300
285 2990
325 330
305 31E

o measurenent over rigid ears
Ho measurement over rigid ears

195 200
195 197
195 196
225 229
2038 214
209 217
205 207
157 160
172 174
101 101
72 79
9¢ 107
136 142
195 199
254 258
151 158
148 149
200 201
103 110
92 98

602
380
120
355
no hairline
310
290
320
300

209
209
209
239
222
224
216
169
183
109
75
1c7
137
212
259

169
149
207
113
100
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No, Measurement
Heights
167 Head Height (Trag-Vert)
168 Ectocanthus~Vertex
169 Glabella-~Vertex
170 Sellion-Vertex
171 Pronasale-~Vertex
172 Subnasale-Vertex
173 Stonion-Vertex
174 Menton-Verzex
Face
175 Menton-Crinion
176 Face Length (Ment-Sell)
177 Menton-Subnasale
178 Chin Proninence
179 Face Ereadth (Bizygon)
180 Bigonial Breadth
131 Biocular Breadth
182 Interpupillary Breadth
183 Interocular Breadth
Nose
184 Nose Length (Sell-Subn)
185 tasal Root Breadth
186 Nose Breadth (Interalar)
187 ilose Prominence
Mouth
188 Philtrum Height
189 Lip~to~Lip Height
190 Mouth Breadth, Relaxed
191 Youth Breadth, Smiling
Car
192 Ear Length
193 Ear Length above Trag.
194 Ear Breadth
195 Lar Protrusion

Small

120
98
78
92

130

140

107

209

No measurement -

117
67
31

147

127
99
70
32

51
19
37
20

16
18
56

Ho measurerent -

77
32
38
25

Hediun

122
101

78

93
132
143
167
213

120
68
48

151

127

103
68
35

56
20
40

29

-

75
34
39
25

no snile

Large

129
107

87

97
139
149
175
215

no hairline

119
66
49

150

131

106
72
36

55
19
40
20

18
19
59

7¢
34
40

2
-

1
3
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* Courtesy of Robert M. White, US Army latick Laboratories
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5. CONCLUSIONS

b et v s AR ER

A three dimensional surface descriptor was designed and fabricated
to quantify human head surface geometry. The utility of the surface
descriptor (measuring device) in describing human head surface
variations vas demonstrated, The data generated from the experimental
technique vere reduced to a form suitable for use by a sculptor in
ceveloping sized headforms. Based on the reduced surface data, sized
headforns were constructed for use by helmet designers. For the first
tirie, the spatial relationships hetveen anthropometric landmarks were
not lost during data reduction. A second generation set of headforms
is »lanred vhich will be based on a larger population and which will
reflect maior face dimensions. These second generation headforms will
be made from permanent molds using permanent materials. The application
of the concepts described in this report to other amatem..al shapes,
such as the foot, nr torso, is straight forward.
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